Abstract To gain insight into the mechanism by which angiotensin II type 2 receptor (AT 2 ) regulates carcinogeninduced lung tumorigenesis, we have newly developed anti-AT 2 single chain variable fragment (ScFv) antibodies using a rodent phage-displayed recombinant antibody library with various peptide fragments of the receptor protein, and investigated the expression of the AT 2 receptor protein. The specificity of the antibodies was verified using AT 2 over-expressing COS-7 cells and AT 2 naturally expressing PC12W cells. In control wild type mouse lung, a stronger immunoreactivity was observed in bronchial epithelial cells. A moderate immunoreactivity was detected in pulmonary vascular walls and vascular endothelial cells. In the lungs possessing tobacco-specific nitrosamine (NNK)-induced tumors, significantly increased AT 2 and AT 1 immunostaining was observed in adenomatous lesions. These data suggest that the increase in both receptors' expression in the alveolar epithelial cells may be accompanied with the onset of NNK-induced tumorigenesis and hence play important roles in lung tumorigenesis.
Introduction
Two subtypes of receptors for angiotensin II, termed type 1 (AT 1 ) and type 2 (AT 2 ), have been identified and cloned (Csikos et al. 1997; Inagami et al. 1999; Timmermans et al. 1993) . Both subtypes belong to the G protein-coupled seven transmembrane receptor super family (Inagami et al. 1999; Timmermans et al. 1993) . In contrast to the wellestablished physiological roles of AT 1 , the significance of AT 2 remains largely undefined. In vitro studies showed that AT 2 played an important role in the inhibition of cell proliferation and stimulation of apoptosis in various cultured cells (Berry et al. 2001; Chung et al. 1998; Horiuchi et al. 1999) , at least in part through phospho-tyrosine phosphatase activation (Cui et al. 2001; Inagami et al. 1999; Tsuzuki et al. 1996) . AT 2 null-hemizygous (AT 2 -KO) mice generated by our colleagues (Ichiki et al. 1995) and others (Hein et al. 1995) show a hypertensive phenotype that indicates its importance for the regulation of blood pressure. Recently we showed that AT 2 expressed in vascular endothelial cells and muscular media in resistant arteries may play a pivotal role in systemic blood pressure regulation (Utsunomiya et al. 2005) . On the other hand, we also demonstrated that the AT 2 -KO mouse has an attenuated susceptibility in tobacco-specific nitrosoamineinduced lung tumorigenesis implying that AT 2 plays an important role in lung tumorigenesis (Kanehira et al. 2005) . There are only a few studies elucidating the expression of AT 2 in the lung tissues (Bullock et al. 2001; Chassagne et al. 2000) . Although an earlier study has demonstrated that the AT 2 protein is abundantly expressed in bronchial epithelium brush border and mucus glands in human lung tissues (Bullock et al. 2001) , this expression pattern appears to not be associated with 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced adenoma development since NNK-induced adenocarcinoma appears to originate in type II pneumocytes (Hecht 1998) .
We have recently developed anti-AT 2 single chain variable fragment (ScFv) antibodies using a rodent phagedisplayed recombinant antibody library with various peptide fragments of the AT 2 receptor protein. These antibodies are only 28 kDa and contain variable regions of both heavy and light chains. They are currently the smallest labeling system available (Malecki et al. 2002) . The benefit of ScFv antibodies is, unlike the parental antibody, they are very small allowing them to penetrate the cell membrane more efficiently (Shi et al. 2006) . The objective of the present study was to gain insight into the mechanism by which AT 2 regulates carcinogen-induced lung tumorigenesis. We have investigated the expression of AT 2 in normal and tumorbearing mouse lung tissue using our anti-AT 2 ScFv and commercially available anti-AT 2 antibodies. Our results clearly indicate that the primary AT 2 expression site is alveolar epithelial cells and arterial walls. The AT 2 expression level was significantly increased in the NNKinduced tumor nodule. To the best of our knowledge this is the first comprehensive immunohistochemical analysis of angiotensin II AT 2 expression in mouse lung with the use of ScFv antibodies.
Materials and methods

Materials and animals
The original AT 2 -null mutant (Agtr2 -/y ) mice were produced by homologous recombination in embryonic stem cells derived from strain 129/Ola (Ichiki et al. 1995) . Chimeric males were mated with C57BL/6J females such that the genetic background of the mutants consisted of 129/ Ola and C57BL/6J. Wild type mice were purchased from Jackson Laboratory (Bar Harbor, MA). The N-terminus peptide (Peptide A, 15 mers, 1-15, MKDNFSFAATSR-NIT), C-terminus peptide (Peptide B, 15 mers, 326-340; QQKLRSVSRVPITWL), and intracellular third loop peptide containing cysteine at its C-terminus (Peptide C, 25 mers, 233-256; GIRKHLLKTNSYGKNRITRDQVLKC) were synthesized by Research Genetics (Huntsville AL). The N-terminus peptide (Peptide D, 11 mers, (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) CSHKPSDKHLE) , the extracellular third loop first half peptide (Peptide E, 10 mers, 281-290; LTWMGIINSC) and the extracellular third loop second half peptide (Peptide F, 10 mers, 290-299; CEVIAVIDLA) were synthesized by Tokai University Peptide Synthesis Core Laboratory (Sagamihara, Japan). Structural location and orientation of these peptides in the AT 2 receptor protein is illustrated in Fig. 1 . Culture media were obtained from the DNA Synthesis & Reagent Supply Core facility in the Vanderbilt University Diabetes Center. All other chemicals were of analytical grade. All animals were maintained in a humidity-and temperature-controlled room on 12 h light/dark cycles. All procedures for handling animals were approved by the Institutional Committee for Animal Care and Use of Vanderbilt University and Kansas State University.
Characterization of recombinant ScFv AT 2 antibodies
Selection of AT 2 peptide-specific ScFv antibodies from a phage-displayed recombinant antibody library A rodent phage-displayed recombinant antibody library (*2.9 9 10 9 members), generated by the Vanderbilt University Molecular Recognition Unit core facility, was used to obtain ScFv recombinant antibodies specific to AT 2 receptor peptide fragments as described previously (Hennig et al. 2004 ). All ScFv stemming from the recombinant antibody library had been cloned into E. coli TG1 cells using the pCANTAB5E phagemid vector (Amersham Pharmacia Biotech, Inc., Piscataway, NJ). Expressed ScFv displays a tag recognized by the Pharmacia Anti-E tag HRP monoclonal antibodies. The Anti-E tag antibody can be used to detect ScFv bound to antigens in assays and can also be used to affinity-purify ScFv from bacterial extracts. Three rounds of phage antibody selection were performed using 1 ml of immobilized on Nunc Maxisorb tubes at 100 lg of each peptide/ml PBS for the first round, 10 lg/ml for the second round, and 1 lg/ml for the third round of selection. Tubes and phage antibodies were blocked in 0.1% Tween 20 in PBS prior to selections. Phage antibodies were eluted from coated tubes with 1 ml of 100 mM triethanolamine for the first two rounds of selection and with 10 lg/ml PBS for the third round. Eluted phage antibodies were used to infect TG1 E. coli cells, which 
Preparation of ScFv from bacterial periplasmic extract
Bacteria were grown overnight at 30°C in 250 ml of 2 9 YT medium with 100 lg/ml ampicillin and 2% glucose with shaking at 100 rpm. Bacteria were centrifuged to pellet cells, resuspended in 2 9 YT medium with 100 lg/ml ampicillin and 1 mM isopropyl-b-D-thiogalacto-pyranoside, incubated with shaking and then centrifuged as before. To prepare periplasmic extracts, bacterial pellets were resuspended sequentially in 10 ml of TES [0.2 M Tris-HCl (pH 8.0), 0.5 mM EDTA, and 0.5 M sucrose] and 15 ml of one-fifth TES [0.04 M Tris-HCl (pH 8.0), 0.1 mM EDTA, and 0.1 M sucrose] and placed on ice for 30 min or at -70°C until needed.
ICELISA to determine ScFv antigen specificity
The indirect competitive enzyme-linked immunosorbent assays (ICELISA) protocol, which accompanies Amersham Pharmacia's HRP/Anti-E tag conjugate, was employed to detect and determine antigen specificity of ScFv produced by bacterial colonies. All assays were carried out in 384-well microtiter plates with individual wells either left uncoated or coated with 50 ll of antigen AT 2 peptides at 5 lg/ml PBS.
Cell culture COS-7 cells (ATCC, Manassas, VA) untransfected or stably transfected with plasmid containing the rat AT 2 sequence (AT 2 /COS-7) were prepared (Kambayashi et al. 1993) and cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS) at 37°C in a humidified atmosphere. PC12W pheochromocytoma cells naturally expressing AT 2 were cultured in Ham's F12/DMEM (1:1) medium containing 10% FBS. The COS-7 cells lack AT 2 expression, AT 2 /COS-7 cells stably express AT 2 and PC12W cells naturally express AT 2 . The sub-confluent cells were utilized for immunocytochemical study to evaluate the validity of the recombinant antibodies.
Immunocytochemistry COS-7 cells, AT 2 /COS-7 cells and PC12W cells grown in the culture dishes were individually fixed in acetone for 10 min at 4°C, detached by scraper and paraffin-embedded. Some acetone fixed cells were washed with PBS and incubated with the primary antibodies at 4°C for 16 h. After washing with PBS, the positive signals were visualized using the indirect peroxidase-labeled antibody method; however, only paraffin-embedded and thinsectioned cells exhibited clear immunostaining.
Immunohistochemistry and immunofluorescence
Mice, 8-12-week-old male wild type C57BL6, AT 1a -KO (Agtr1 -/-), and AT 2 -KO (Agtr2 -/y ) were sacrificed by cervical dislocation following isoflurane anesthesia. Lungs were inflated by infusion of 0.8-1.0 ml 4% paraformaldehyde, and then fixed in 10% formalin for 24 h at 4°C. Some tissue specimens were frozen in liquid nitrogen after embedding in OCT compound (Sakura Finetek USA, Torrance, CA). The fixed lungs were paraffin embedded and thin-sliced with 4-5 lm thickness. After deparaffinization, antigen retrieval was carried out by placing the slides in 1 mM EDTA (pH 7.8) containing pressure cooker for 20 min. The blocking buffer (5 mg BSA/ml PBS) was applied for 2 h at room temperature. After extensive washing with 0.1% Tween 20 in PBS (PBS/T) and PBS, the sections were incubated for 1 h at room temperature, either with Anti-E-tag mixed (Amersham, 1:800) recombinant ScFv (1:8) or anti-goat anti-AT 2 (1:1000, Santa Cruz Biotechnology, Santa Cruz, CA), or anti-rabbit anti-AT 1a polyclonal antibodies (1:500, Advanced Targeting Systems, San Diego, CA). Incubation with secondary fluorescence antibody (1:1000, Alexa Fluor 594 (red) and Alexa flour 488 (green), Invitrogen, Carlsbad, CA) was carried out for 1 h at 23°C in the dark. To-pro-3 (blue, 1:1000) was used to visualize the nucleus. After extensive washing with PBS/T and PBS the slides were mounted with Prolong Kit (Molecular Probes-Invitrogen) and allowed to dry at 4°C for overnight. Digital images were acquired using a Carl Zeiss confocal microscope (Carl Zeiss Axiovert 200 with motorized stage, Germany).
Antigen antibody binding affinity with ScFv and commercially available anti-AT 2 antibodies (Santa Cruz Biotechnology) were also compared; their positive signals visualized by the indirect peroxidase-labeled antibody method. In addition, negative controls without primary antibodies were always examined in all immunofluorescence applications.
Experimental protocol for NNK-induced lung adenoma All NNK-handling procedures were approved by the office of Safety and Environmental Health of Vanderbilt University. Five-week-old male SWR/J wild type mice were reared with regular mouse chow (#5015, Purina Mills, Inc., Indianapolis, IN). Mice were treated with bolus intraperitoneal administration of NNK (100 mg/kg, I.P.). The control group for the NNK treatment received saline. Mice were sacrificed 20 weeks after the NNK treatment. After macroscopic examination the whole lung was stained J Mol Hist (2008) 39:351-358 353 by injecting India Black ink solution through the trachea and fixed with Fekete's solution (Fekete 1938) . All tumor bearing lung tissues were sectioned and immunohistochemically analyzed. Their morphologies were also analyzed after H & E staining.
Results
Characterization of recombinant ScFv AT 2 antibodies
The specificity of the immunoreactivity of recombinant anti-AT 2 ScFv antibodies was evaluated by ICELISA. This ICELISA screened 37 positive ScFv extracts. Among these antibodies, anti-AT 2 peptide C and anti-AT 2 peptide E antibodies exhibited higher titers than those from other anti-AT 2 peptide fragments (Fig. 2) . These results indicate that our recombinant anti-AT 2 antibodies specifically react with AT 2 peptides. The specificity of these antibodies as examined by immunocytochemistry technique in COS-7 cells, AT 2 /COS-7 cells and PC12W cells showed that both anti-AT 2 peptide C and anti-AT 2 peptide E antibodies exhibited strong signals in both AT 2 /COS-7 (Fig. 3C, D ) and PC12W cells (Fig. 3F, G) but not in COS-7 cells (Fig. 3A, B) . Their immunoreactivities were stronger in the plasma membrane than in the cytoplasm of PC12W cells (Fig. 3F, G) . Pretreatment with antigen AT 2 C (Fig. 3E ) and E peptides ( Fig. 3H ) almost completely absorbed the immunoreactivity of these anti-AT 2 antibodies. These results clearly indicate that our recombinant anti-AT 2 antibodies specifically detect AT 2 expressed in the cultured cells.
Expression of AT 2 in lung alveoli and blood vessels Positive immunofluorescence staining for AT 2 was observed throughout alveolar epithelial cells and bronchial epithelium (Fig. 4) . A strong immunofluorescence staining was also detected in both endothelial cells and muscular media in pulmonary artery (Fig. 4A, G) . There was no clear stainability difference between recombinant and commercially available antibodies (data not shown). A very strong immunofluorescence staining for AT 1a was observed in cytoplasm and plasma membrane of bronchial epithelial cells but not in their nuclei. The AT 1a immunofluorescence staining was also detected in alveolar epithelium and its intensity was similar to those for AT 2 . As shown in panels C, F and I, AT 2 and AT 1a overlaid pictures clearly indicate co-localization of both receptor subtypes in much of the lung tissues. AT 2 immunofluorescence staining was negative in AT 2 -KO mouse lung bronchial epithelium and alveoli (Fig. 4D) . However, very faint staining was detected only in apical side of the bronchial epithelial cells (Fig. 4D) . A very strong immunofluorescence staining was observed in red blood cells in wild type and two mutant mice. AT 1a immunofluorescence staining was negative in AT 1a -KO mouse lung (Fig. 4H) . These results indicate that AT 2 nonspecific immunofluorescence staining was localized strongly in red blood cells and moderately in the apical side of bronchial epithelial cells.
Expression of AT 2 in NNK-induced lung tumors
Lung from NNK-treated wild type SWR/J mice was collected 20 weeks after initial NNK administration, fixed in Fekete's solution and paraffin-embedded. AT 2 immunofluorescence staining was carried out using both recombinant anti-AT 2 ScFv and commercially available anti-goat anti-AT 2 or anti-rabbit anti-AT 1a antibodies. A significantly strong immunofluorescence staining for AT 2 and AT 1a was observed in adenomatous hyperplastic epithelium (Fig. 5) . The AT 2 immunofluorescence staining in vascular endothelial cells in small pulmonary vessels adjacent to the adenomatous lesion were also significantly intensified (Fig. 5, arrows) . However, similar sized vessels distant from the tumor were moderately stained. A commercially available anti-goat anti-AT 2 antibodies exhibited similar results (data not shown). These results may suggest that angiotensin II receptor expression potentially plays an important role in NNK-induced lung tumorigenesis.
Discussion
Increasing evidence suggests that angiotensin II signaling plays an important role in carcinogenesis (Fujita et al. Kanehira et al. 2005; Suganuma et al. 2005; Takagi et al. 2002; Egami et al. 2003) . However, the specific role of AT 2 in carcinogenesis has not been rigorously elucidated. We have previously demonstrated the pro-oncogenic role of AT 2 in carcinogeninduced colon and lung tumorigenesis in the mouse (Kanehira et al. 2005; Takagi et al. 2002) . In the present study we developed several recombinant anti-AT 2 peptide ScFv antibodies by screening a rodent phage-displayed recombinant antibody library using several synthetic peptides of the AT 2 protein and examined AT 2 expression in normal and NNK-induced tumor bearing mouse lung. Immunohistochemical analysis provides important information for localization of AT 2 protein expression and elucidation of AT 2 function in carcinogen-induced lung tumorigenesis.
In the first study, we have examined the specificity of newly developed recombinant anti-AT 2 peptide antibodies by ELISA (Fig. 2) and immunostaining of AT 2 gene transfected and untransfected COS-7 cells and AT 2 spontaneously expressing PC12W cells (Fig. 3) . In the experiment using ELISA, antigen antibody binding was specifically inhibited by pretreatment of the antiserum with excess amount of antigen peptide (Fig. 2) . In the immunostaining experiment, anti-AT 2 peptide antibodies (EG-5, EO-9 and CB-11) selectively stained only AT 2 transfected COS-7 cells and PC12W cells. Furthermore, these antibodies immunostained adrenal medulla and glomerulosa cells and coronary artery wall (data not shown), all of which are well known expression sites of AT 2 (Ozono et al. 1997; Utsunomiya et al. 2005) . Accordingly, our recombinant anti-AT 2 peptide antibodies appeared to be selective for the AT 2 protein. The anti-AT 2 E-peptide antibody (see Fig. 1 ) may be useful for neutralizing the AT 2 function since this is an important site for ligand binding. However, this possibility must be clarified by an additional study. To the best of our knowledge, the present study is the first to demonstrate that recombinant single chain antibody against specific peptide sequences derived from angiotensin II receptor protein was successfully screened from a rodent phagedisplayed recombinant antibody library.
In a previous in situ hybridization study analysis in rats showed that AT 2 mRNA was detected in bronchi and trachea but very little in stroma in the E19 fetal and new born pups, whereas the expression levels of AT 2 mRNA in the adult rat lung is very low or negligible (Shanmugam et al. 1996) . In adult human lung tissues, AT 2 protein expression was detected in brush borders of bronchial epithelium by immunohistochemical analysis with anti-rabbit anti-AT 2 antiserum (Bullock et al. 2001) . On the contrary, our newly developed recombinant antibodies detected weak but clear signals of AT 2 protein expression in the alveolar epithelial cells and bronchial epithelium of adult mouse lung. These results were also confirmed by commercially available anti-AT 2 peptide antisera. Comparably abundant immunoreactivity for the AT 2 protein was also observed in both vascular Fig. 3 Evaluation of the specificity of recombinant anti-AT 2 peptide ScFv antibodies by immunocytochemical staining of the AT 2 in COS-7 (A and B), AT 2 -transfected COS-7 (AT 2 / COS-7) cells (C, D and E) and AT 2 expressing PC12W cells (F, G, and H) . Positive signals were detected in both the AT 2 / COS-7 (C and D) and PC12W cells (F and G) but not in COA-7 cells (A and B) when anti-AT 2 C (A, C and F) or E peptide ScFv (B, D and G) was used. Negative control was immunostained without primary antibody (E) and with only Anti-E tag secondary antibody (H). Pretreatment with antigen AT 2 C and E peptides almost completely absorbed the immunoreactivity of these anti-AT 2 antibodies (data not shown). Original magnifications; x 400 endothelium and muscular media of pulmonary arteries. These results are similar to those reported in immunohistochemical studies of hearts (Utsunomiya et al. 2005; Wang et al. 1998 ) and skeletal muscle (Nora et al. 1998) . The difference between the AT 2 expression in human and mouse lung may be explained by the species and antibodies differences (antibodies used for the present study are highly specific recombinant ScFv antibodies). Taken together, these results suggest that the AT 2 function in the regulation of tumorigenesis may be associated with the function of alveoli epithelial cells more than bronchial epithelial cells, since NNK-induced lung adenoma appears to be initiated from the transformation of alveolar epithelial cells (Hecht 1998) . Our previous study indicates that AT 2 appears to be involved in carcinogen-induced lung tumorigenesis (Kanehira et al. 2005 ) and the resistant phenotype of AT 2 -KO mice in NNK-induced lung carcinogenesis may be due to the lack of AT 2 expression in alveoli epithelium (Fig. 4D) . This is consistent with our earlier study in which angiotensin II-AT 2 signaling is also associated with carcinogen-induced colon tumorigenesis (Takagi et al. 2002) . Although expression level of the AT 2 in the adult lung alveolar epithelium is low, the function of AT 2 in alveolar epithelium may be important. In support of this speculation the present study clearly indicated that induction of adenomatous transformation was associated with significantly increased expression of the Ang II receptor protein (Fig. 5) . Consistent with the present results we have previously demonstrated that AT 2 expression is inducible in vitro (Ichiki et al. 1996) and in vivo (Tamura et al. 2000) . Although it is difficult to speculate a specific function of AT 2 in carcinogen-induced tumorigenesis, AT 2 likely plays a role in lung carcinogenesis.
With regard to overall Ang II signaling and lung cancer, AT 1 -mediated Ang II signaling should be taken into a consideration since the AT 1 is the major Ang II receptor and its expression in the lung tissue is relatively abundant (Bullock et al. 2001 ). In our study, a small amount of the Fig. 4 Immunohistochemical localization of the Ang II receptors in wild type (A, B and C) and Ang II AT 2 (D, E and F)-or AT 1a (G, H and I)-deficient mouse lungs. The lungs from 8-to 12-week-old wild type and mutant mice with C57BL/6 genetic back ground were paraffin-embedded, sectioned and immunostained using the anti-AT 2 ScFv (A, D and G) and anti-AT 1a (B, E and H) antibodies. Panels C, F and I are overlaid pictures of anti-AT 2 and anti-AT 1a immunofluorescence stained sections from wild type, AT 2 -KO and AT 1a -KO mouse lung, respectively. Similarly intense immunostaining for the AT 2 and AT 1a were observed in the bronchial epithelium and alveoli from the wild type mouse (A, B and C, magnification 9 100). However, AT 2 -or AT 1a -deficient mouse lung tissue clearly lack corresponding staining. A faint immunostaining for AT 1a was also detected in bronchial epithelial cell layer in AT 1a -deficient mouse lungs implying non-specific immunostaining. Red blood cells exhibited a strong non-specific immunostaining for both anti-AT 2 and -AT 1a antibodies AT 1 expression was detected in normal alveolar epithelium and this expression was markedly increased in NNKinduced adenomatous epithelial cells (Figs. 4, 5 ). Since AT 1 -mediated Ang II signaling has been shown to be associated with the growth of various type of tumors such as melanoma (Egami et al. 2003) , ovarian cancer, (Ino et al. 2006) , and lung metastasis of renal cell carcinoma (Miyajima et al. 2002) , AT 1 overexpression in adenomatous epithelial cells may be associated with cell growth in adenoma. In support of this speculation, AT 1 signaling is shown to stimulate production of vascular endothelial cell growth factor (Fujiyama et al. 2001; Richard et al. 2000) and stimulate cell growth in multiple cell types (Berry et al. 2001; Chung et al. 1998 ). Contrarily to AT 1 -mediated cell growth, AT 2 -mediated Ang II signaling is shown to be associated with an inhibition of cell proliferation (Stoll et al. 1995) and stimulation of apoptosis in cultured vascular endothelial cells (Dimmeler et al. 1997 ) and smooth muscle cells (Cui et al. 2001) . Accordingly, Ang II appears to play reciprocal functions in cell growth (AT 1 is growth stimulative and the AT 2 is anti-stimulative). However, whether overall Ang II signaling plays a pro-oncogenic role or an anti-tumorigenic role in lung carcinogenesis, or the overall role of the Ang II in lung carcinogenesis is stagedependent, etc. requires further study.
The benefit of ScFv antibodies is, unlike the parental antibody, they are very small allowing them to penetrate the cell membrane more efficiently (Shi et al. 2006) . ScFv antibodies can also be genetically produced using cDNA of the parental antibody. Despite their smaller size the ScFv antibody retains target specificity and antigen binding affinity of a parental antibody. Therefore, the ScFv antibody specific to various regions of the AT 2 can be used as a potential tool to evaluate ligand-receptor interaction and post-receptor signaling. However, these possibilities must be evaluated by future studies.
In summary, the present study demonstrates that preparation of recombinant single chain antibodies specific to the AT 2 receptor peptide by screening from the recombinant antibody library is feasible. We have confirmed the specificity of the immunoreactivity to AT 2 using ELISA and AT 2 transfected and untransfected cells, which do not express AT 2 . Our findings suggest that the vascular endothelium expression of AT 2 in adult mouse lung alveoli provides a potential link whereby AT 2 regulates carcinogen-induced lung tumorigenesis. Our discovery of strong AT 2 localization in an early adenomatous lesion suggests the possible involvement of AT 2 function in tumorigenesis.
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